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Abstract
The 2007/2008 ﬁnancial crisis exposed the fragility in the global banking sector - accordingly, inter-bank deﬁned interest rates,
viz. LIBOR, EURIBOR, JIBAR, etc., that were once deemed to be default-free, or at least close proxies thereof, are now deemed
to be credit risky. In response to this, global ﬁnancial markets have adopted a credit and liquidity homogenous multi-curve interest
rate framework. The risk-neutral valuation of ﬁnancial instruments has also been fundamentally altered, following the acceptance
of a new proxy for a default-free discounting curve - this being the Overnight Indexed Swap (OIS) curve. Major ﬁnancial markets,
like the U.S. and the Euro zone, have swiftly developed liquid OIS markets, and have therefore adopted OIS discounting. The
lack of consensus on, and the inaccessibility of, a tradable overnight rate in South Africa has hindered the development of an OIS
market. Nonetheless, there is still a need for a South African default-free discounting curve, as the prevalent South African deﬁned
inter-bank JIBAR rates also carry an element of credit risk. In this paper we provide a potential solution, using cointegration to
estimate an OIS curve for the South African market from a JIBAR-linked swap curve.
c© 2015 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Organising Committee
of ICOAE 2015
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1. Introduction
The fall of Lehman Brothers and Bear Stearns in 2008 triggered a paradigm shift in interest rate markets, which
in turn fundamentally impacted the risk-neutral valuation methodology as applied to ﬁnancial instruments. Widely
accepted academic and market standards were quickly reassessed with the valuation of interest rate derivatives being
impacted the most. Inter-bank default risk which was rarely considered in pricing became a signiﬁcant factor. The
LIBOR-OIS1 spreads exploded during the ﬁnancial crisis, hitting an all-time high after Lehman Brothers announced
its bankruptcy. Banks became reluctant to lend to each other for longer tenors as increased credit and liquidity
premiums were taken into consideration on LIBOR rates. Since then, the interpretation of OIS implied rates as
∗ Corresponding author. Tel.: +27-11-559-3799 ; Fax: +27-11-559-3753.
E-mail address: E-mail address: Coenraad.Labuschagne@gmail.com
1The differences between the London Interbank Offered Rates and Overnight Index Swap Rates for the same tenor.
 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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continually refreshed daily loans/deposits meant that these rates provided the closest proxy to pure default-free rates,
with the investors in such instruments effectively bearing overnight risk to the respective market-making banking
institutions. Accordingly, the LIBOR-OIS spread has become a measure of default risk within the banking sector.
Preceding the ﬁnancial crisis, a single-curve framework2 deﬁned academic and market best practise for the purpos-
es of the risk-neutral valuation of ﬁnancial instruments. The focus of interest rate derivative valuation was on the term
structure of interest rates, and aspects such as credit risk, liquidity risk, collateral agreements, and funding costs were
usually ignored [1]. The paradigm shift has led to a change in how LIBOR rates are interpreted. Market practitioners
became wary of using the LIBOR curve as a proxy for a default-free interest rate curve. Credit and liquidity pre-
miums on central bank overnight rates are deemed insigniﬁcant and Overnight Indexed Swaps reference these rates.
Therefore, internationally, a swap curve bootstrapped from these instruments (an OIS curve) is now considered the
best proxy for a default-free interest rate curve.
In June 2010, LCH.Clearnet3 announced that they were to start discounting their USD218 trillion Interest Rate
Swap portfolio using OIS curves. Their decision to move to OIS discounting was supported by the fact that the
majority of swap transactions that cleared through them were traded subject to a Credit Support Annex (CSA)4,
meaning that these transactions were collateralised and margined [2]. It should be noted that the collateral posted
by the entity with positive mark-to-market value, also earns the relevant and applicable overnight reference rate,
meaning that growth in the derivative value would be perfectly matched by that of the collateral account with all
other variables held constant. Following this change, by arguably the world’s largest clearing house, discounting
collateralised transactions off the OIS curve and uncollateralised transactions off the LIBOR curve became the market
precedent. However, widely disputed, some authors such as Hull andWhite [3], have suggested that both collateralised
and uncollateralised transactions should be discounted using the OIS curve. This is indeed more logical and consistent
with the tenants of risk-neutral valuation. Accordingly, the current market standard is to discount all cash ﬂows using
the OIS curve, while issues of funding, credit and other associated costs are dealt with exogenously and explicitly [4].
The move to OIS discounting has been swiftly adopted in the major developed markets. In South Africa this has
proven difﬁcult to implement, due to the lack of consensus on, and the inaccessibility to a tradable overnight rate,
which has hindered the development of an OIS market. Prior to this paper, proxy OIS curves have been proposed
in [5]. The forward curves from this proxy were noted by the authors to be inconsistent with market expectations
in certain conditions. In this paper we propose a method that simultaneously bootstraps both the LIBOR curve and
OIS curve via cointegration. This method involves establishing a relationship between the LIBOR rate (which is
referenced in instruments used to construct the LIBOR swap curve) and the overnight reference rate (or collateral rate
earned in collateralised contracts) which is used in OIS markets.
1.1. Overnight Indexed Swap Market
We present a simple and tractable method to infer the OIS curve from the existing nominal swap curve. In South
Africa, the nominal swap curve is constructed from Deposits, Forward Rate Agreements (FRAs) and Interest Rate
Swaps (IRSs). The ﬂoating legs of the FRAs and IRSs reference the 3-month (3M) Johannesburg Interbank Agreed
Rate (JIBAR). Therefore, the South African nominal swap curve is primarily homogenous in terms of credit and
liquidity characteristics, with all instruments referencing the 3-month tenor apart from the very short-end, which is
constructed with a “theoretical” overnight rate and a 1-month JIBAR rate. Before we outline the method, we provide
some detail with regard to the instruments or components that are required to construct OIS curves.
Of course, the primary instruments that are required are liquidly traded OIS swaps, which in turn require the
existence of an accessible and tradable benchmark overnight rate. The overnight reference rate is used to facilitate
overnight lending. This rate is also used in the calculation of the cash ﬂow associated with the ﬂoating leg of an OIS
swap. This ﬂoating cash ﬂow is equivalent to the cash ﬂow associated with a daily investment at the overnight rate,
compounded daily over the entire tenor of the ﬂoating leg. In an OIS swap transaction, the aforementioned ﬂoating
cash ﬂow is exchanged for the corresponding ﬁxed cash ﬂow, associated with the ﬁxed leg and determined by the
2A single curve was used for both forecasting and discounting cash ﬂows, within the risk-neutral valuation framework.
3LCH.Clearnet is a European based clearing house that serves major international exchanges, as well as a range of over-the-counter markets.
4A Credit Support Annex is a legal document which regulates collateral, and therefore credit risk, for a derivative transaction. It is one of the
four documents which constitute an ISDA agreement but it is not mandatory, implying that one could have uncollateralised derivative transactions.
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market par OIS rate. Effectively, the market’s expectation of the daily compounded overnight rates for different tenors
is reﬂected in OIS par rates. Liquid par OIS rates can be observed for tenors up to 5 years in most of the major
developed markets. The ﬂoating cash ﬂow is determined at the end of the ﬂoating leg tenor, whereas the ﬁxed leg is
known at the inception of the contract. For shorter-term OISs, generally 1-year and lower, there is only one payment
leg, whereas longer term contracts generally have multiple payment legs. The annualised ﬂoating rate, f , for any
arbitrary ﬂoating leg period, say [t,T ], of an OIS is calculated as follows:
f =
1
τ
[
n
∏
i=1
(1+ riτi)−1
]
, (1)
where
• τ = T − t is the length of the period in fractions of years, according to the relevant day count convention5 ,
• n is the number of business days within the period [t,T ],
• ri is the reference overnight ﬁxing rate on the i-th business day which applies until the next business day, and
• τi is the year fraction, according to the relevant day count convention between business day i and i+1.
The overnight reference rate plays a vital role in the OIS market. The following attributes should be enforced on the
overnight reference rate in order to ensure fair play in the market. The overnight reference rate should be:
• reliable, i.e. proper governance and free of manipulation;
• robust, i.e. clear guidelines on how its calculated and should be available even during volatile market conditions;
• independent, i.e. drawn from a sample of representatives; and
• accessible, i.e. published and tradable each day, to ensure easy pricing of contracts and mark-to-market valuation.
The daily Federal Funds Effective Rate (FFER)6 calculated by the Federal Reserve Bank of New York is an
example of an overnight reference rate. The FFER is a weighted-average rate of all overnight fed funds transactions.
Another example of a reference rate is the Euro Overnight Index Average (EONIA), which has different mechanics to
the FFER. The EONIA is the 1-day interbank interest rate for the Euro Zone. In simple, it is the rate at which highly
rated banks provide unsecured loans to each other on an overnight basis.
This discussion leaves us with the following question: how can overnight reference rates be default-free, when
they are derived from uncollateralised transactions? The important thing to note is that credit premiums in overnight
reference rates are considered to be almost insigniﬁcant. In addition, OIS instruments which reference such rates are
traded under collateral agreements. This means yield curves stripped from OIS instruments embeds very little credit
risk. In the case of the FFER, the operations are under the Federal Reserves’ “eye”, where the Federal Reserve can
monitor ﬁnancial institutions as they approach insolvency and thereby mitigate default in the Federal Funds market.
The FFER and EONIA rates provide an adequate and sufﬁcient blueprint for the characteristics and features of a
benchmark overnight rate. We may now consider the South African market, in the hope of ﬁnding a potential candidate
for a benchmark overnight rate, which meet the aforementioned characteristics. The South African market has two
possible rates that could be used as overnight reference rates, the South African Futures Exchange (SAFEX) overnight
rate and the South African Benchmark Overnight Rate (SABOR). The SAFEX overnight rate is the weighted-average
rate that SAFEX receives for depositing margin received from it’s clients with the major South African banks. SABOR
on the other hand, is a weighted average of: (i) inter-bank funding at a rate other than the current repurchase rate (or
repo rate, set by the South African Reserve Bank); (ii) twenty highest rates paid by banks on their overnight and call
deposits; and (iii) a ﬁve percent weight for funding through foreign exchange swaps.
From their deﬁnitions, it is apparent that the SAFEX overnight rate seems more accessible than the SABOR.
Accordingly, there seems to be market consensus on using the SAFEX overnight rate as the benchmark overnight
reference rate for the South African OIS market. Nonetheless, there are disadvantages to using this rate:
• it constitutes a small percentage of overnight lending in South Africa;
• it is one-sided, an offer rate, i.e. the rates offered by banks on overnight deposits; and
• it is only accessible via weighted deposits across all of the major South African banks.
5The ACT/365 day count convention is used in the South African and British markets, while the ACT/360 convention is used in the American
and European money markets.
6A federal funds transaction, or fed funds transaction, is an unsecured loan of U.S. dollars to a depository institution (DIs) by another DI or
other eligible entity. The average rate at which these transactions occur is called the Federal Funds Effective Rate.
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Nonetheless, the SAFEX overnight rate is the closest proxy to a tradable rate in the South African market and has
therefore been touted as a suitable benchmark overnight rate by several authors.
2. Methodology
Our proposed methodology infers an OIS curve from existing swap curve instruments by establishing a relationship
between the inter-bank rate and the assumed OIS overnight reference rate, viz. the SAFEX overnight rate. The swap
curve instruments are assumed to be liquidly traded and stripping a yield curve from such instruments will approxi-
mately give us the rate at which a well-rated bank can borrow money without collateral for any tenor. In the wake of
the 2007-2008 crises, all nominal swap curve derivative instruments, viz. Futures, FRAs and IRSs, may be considered
as collateralised instruments. Therefore, all of the credit risk inherent in nominal swap curves may be attributed to
the inter-bank credit risk inherent in the underlying ﬂoating LIBOR/EURIBOR/JIBAR rates (henceforth collectively
referred to as LIBOR rates), as opposed to any counterparty risk from counterparties to derivative transactions. In line
with discussions in previous sections, our methodology assumes a dual-curve framework, with LIBOR rates used to
forecast cash ﬂows for swap curve derivatives, while an OIS curve is used to discount these cash ﬂows.
The relationship between the inter-bank rate and the overnight rate is established via cointegration analysis. The
reader is referred to [6, 7, 8] for a comprehensive discussion on cointegration. The analysis is performed on the
historical observed data from the two rates. Firstly, we calculate the OIS’s realised annualised ﬂoating leg rate as
outlined in the previous section. The ﬂoating leg rate is calculated for the equivalent inter-bank rate tenor, viz. 3-
month (3M) for the South African market. The assumption is that, if OIS instruments were traded, the realised
ﬂoating leg rate would have been exchanged for the associated ﬁxed OIS rate observed at the beginning of the ﬁxing
period. Secondly, we ﬁnd the cointegration vector between the realised ﬂoating leg rate and the inter-bank rate that
ﬁxes at the beginning of the ﬂoating leg ﬁxing period, and the spread between the inter-bank rate and overnight rate
(this is explained in detail in later sections). The cointegration vector obtained from the analysis is then used in
simultaneously bootstrapping the nominal OIS and LIBOR-linked swap curves.
2.1. Market instruments
In this section we will describe the characteristics of the instruments which constitute the LIBOR-linked nominal
swap curve, and how these instruments can be valued under a dual-curve framework, or equivalently under full collat-
eralisation. The short-end of the swap curve is usually stripped from Deposits, Futures contracts and FRAs, whilst the
long-end of the curve is stripped from IRSs. Bootstrapping the LIBOR-linked nominal swap curve in a collateralised
framework is a two-stage process:
1. the nominal OIS curve is bootstrapped from the complete set of market-traded OISs; and
2. the LIBOR-linked nominal swap curve is then bootstrapped from the complete set of Deposits, Futures, FRAs
and IRSs, using the OIS curve to discount LIBOR forecasted cash ﬂows.
The resultant stripped/bootstrapped curves are such that all the input market instruments price back to market value.
2.1.1. Pricing Collateralised Contracts
In this subsection we provide a generic pricing formula of collateralised cash ﬂows that will be used to price FRAs
and IRSs. A comprehensive proof of the formula is given in detail in [10]. Consider a contingent claim that pays an
amount X at time T . The present value of such a claim at t < T is denoted byV (t). If counterparty A buys the contract
from counterparty B at time t, he paysV (t) and under full collateralisation, B pays back the amountV (t) as collateral.
Without loss of generality, lets assume if the future mark-to-market at time s, where t < s≤ T , is positive to A, B pays
V (s) (and vice versa). Also, we assume the collateral posting is performed continuously, and the receiver of collateral
can invest at the risk-free rate to earn r(t) and pays the collateral rate rc(t). The present value of the claim is given by:
V (t) = EQt
[
e−
∫ T
t r(s)dsX +
∫ T
t
e−
∫ u
t r(s)ds (r(u)− rc(u))V (u)du
]
(2)
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where EQt is the risk-neutral expectation at time t. The above expression simpliﬁes to
V (t) = EQt
[
e−
∫ T
t rc(s)dsX
]
(3)
Furthermore, if we assume the claim pays an amount of 1, we get the price of a collateralised zero coupon bond that
expires at time T , denoted by Pc(t,T ).
2.1.2. Interest Rate Swaps
In a regular interest rate swap, parties agree at inception to exchange ﬂoating and ﬁxed payments. The ﬂoating
payments are linked to a LIBOR inter-bank rate. Consider the following discrete tenor structures:
t = t0 < t1... < tN and t = T0 < T1... < Tn .
Let Δi = Ti −Ti−1 and δi = ti − ti−1. The ﬁxed payments ΔiK are made periodically at times Ti, i = 1, ...,n and the
ﬂoating payments δiL(ti−1, ti) are made at each time ti, i= 1, ...,N, where L(ti−1, ti) denotes the LIBOR inter-bank rate
that ﬁxes at time ti−1 and applies until ti. The value of K is determined by the equation below:
K =
∑ni=1E
Q
t
[
e−
∫ ti
t rc(s)dsδiL(ti−1, ti)
]
∑Ni=1ΔPc(t,Ti)
. (4)
In our setting Pc(t,Ti) is calculated off the OIS curve and L(ti−1, ti) from the nominal LIBOR curve.
3. Results
In this section we present results for the South African, United States and European markets. The South African
market is our main focus, as we attempt to infer the level of the OIS curve. We ﬁnd the cointegration vector between
the historical 3M realised ﬂoating leg rate (which uses the SAFEX overnight rate as the reference rate) and the 3M
JIBAR rate. Thereafter, we apply the cointegration vector in simultaneously bootstrapping the proxy OIS curve and
the JIBAR-linked swap curve. The results are presented in the subsection named Inferred OIS Curve.
In order to assess the accuracy of the OIS curves stripped via cointegration, we employ the method on markets with
existing OIS curves. The European and the United States markets have liquidly traded OIS instruments and therefore
serve good candidates for such an assessment. In the European market, we perform a cointegration analysis between
the 6-month (6M) EURIBOR and the 6M realised compounded daily EONIA rate. In the United States market, we
perform the analysis on 3M LIBOR and the 3M realised compounded daily FFER rate. The results from these tests
are presented in the section named Robustness.
3.1. Market data
The data available to us in the South African market ranges from May 1999 to January 2014. The data window
incorporates the credit crunch that started in the second half of 2007. In ﬁgure 1, which is explained in detail in the
next subsection, the credit crunch can be observed by an increase of rates, and the spread between interest rate process
diverging from the known constant. One could hold the view that these data points from the period of the credit
crisis are merely an anomaly. Clearly, the fundamental basis upon which cointegration anchors itself on is the fact
that, the spread between two non-stationary processes (in this case, interest rate processes) is mean reverting around
some constant, and therefore in certain instances diverges from the known constant. In the period in question, one can
clearly observe the fundamental difference between correlation and cointegration, low correlation was observed but
cointegration held.
3.2. Inferred OIS Curve
Here, we present results for the South African market. Firstly, we consider the stationarity properties of the 3M
realised ﬂoating leg rate (3M FL), the SAFEX overnight rate and the 3M JIBAR rate. The tests below shows that the
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3M FL, SAFEX overnight and 3M JIBAR rates are all integrated of order one. Table 1 shows that the hypothesis that
each series is stationary is rejected and that the hypothesis that the ﬁrst difference of each series is stationary is not
rejected. The critical values (reject the null hypothesis if the test statistic is greater than the critical value) at the 5
percent and 1 percent signiﬁcant levels are -2.86 and -3.43 respectively. As a result all the series are accepted as being
integrated of order one, denoted by I(1). Figure 1 shows the model of the 3M FL rate as a function of the 3M JIBAR
rate. Figure 1 suggests that better results could be attained by running the model on data from 2007 onwards. Thus,
in our analysis to come we will use the whole data (data set 2) and truncated data from 2007 (data set 1).
Time
2000 2001 2002 2004 2005 2006 2008 2009 2010 2012 2013
 4%
 6%
 8%
10%
12%
14%
16%
18%
3M FL rate as a function of 3M JIBAR
3M FL rate
3M JIBAR rate
Model
Fig. 1. The 3M FL rate as a function of the 3M JIBAR rate.
Table 1. Stationarity Tests
Hypothesis Test 3M FL SAFEX Overnight 3M JIBAR
data is I(0) 12.137246 2.037227 3.578853
data is I(1) -25.825629 -74.581376 -66.250251
We considered two possible ways of modelling the 3M FL rate, the ﬁrst method ﬁnds a cointegration vector between
the 3M FL rate and the 3M JIBAR rate plus the 3M JIBAR-SAFEX overnight rate spread (SPD), given by equation
(5). The second method establishes the cointegration vector between the 3M FL rate and the 3M JIBAR rate as given
by equation (6). The relevant statistics for the two models and respective data sets are given in Table 2. The results
show that the models are able to explain the 3M FL rate up to 98 percent of the observed variability as shown by the
R2 statistic. For ease of reference we will refer to the ﬁrst method as the “JIBAR+SAFEX” model:
(3M FL)t = β1(3M JIBAR)t +β2(SPD)t +α , (5)
and the second method as the “JIBAR” model:
(3M FL)t = β1(3M JIBAR)t +α . (6)
We will also use the start of the period for data set 1 and data set 2 to refer to the corresponding data set, i.e. data set
1 will be referred to as “From 2007” and data set 2 as “From 1999”.
The residuals measured in basis points (1 percent = 100 basis points) from both the models on data set 1 and 2
are plotted in Figure 2. The years from 2010 to 2014, we observe stable rates condition and the models perform
remarkably. On this window, the models predicts 3M FL to an accuracy of 10 basis points when it’s not a rate cutting
or hiking cycle.
The cointegration analysis performed above was used to simultaneously strip the JIBAR curve and the OIS curve
from market quotes obtained from Bloomberg. The stripping methodology was performed in Matlab via object ori-
entated programming. The relevant instruments on the swap curve (deposit, FRAs and IRSs) were setup as objects
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Table 2. The Coefﬁcients for both Models on Data Sets 1 and 2
Test Statistic JIBAR+SAFEX Model on Data Set 1 JIBAR Model on Data Set 1
R2 0.994352 0.99370897
β1 0.973389 0.982153
β2 0.267695 0
α -0.003037 -0.002592
JIBAR+SAFEX Model on Data Set 2 JIBAR Model on Data Set 2
R2 0.991540 0.990977
β1 0.968564 0.972011
β2 0.221969 0
α -0.001996 -0.001420
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Fig. 2. Residuals from the cointegration models.
on their respective maturing buckets. The instrument objects are conﬁgured to forecast cash ﬂows using the JIBAR
curve and discount cash ﬂows using the OIS curve. A curve object that has pillar points (buckets) corresponding to
the maturity of the instruments is created. The curve object is initialised (a set of dummy zero rates is given as inputs)
to create the initial forecasting curve (JIBAR curve) and the initial discounting curve (OIS curve). The optimisation
performed to obtain the relevant OIS curve and JIBAR curve is such that item 1 and 2 are satisﬁed.
1. For each swap curve instrument, the present value calculated by using the market quote and the curves is
minimised to zero which in turn is the par value.
2. For corresponding pillar points, a series of matching 3M forward rates 7 are calculated from both the JIBAR
curve and the OIS curve denoted by vector F and f respectively. If we consider the cointegration vector v, where
v = [β1,α], the sum of squares for errors given by equation 7 is minimised in the stripping.
SSE=∑(f−F.β1+α)2 . (7)
7 The forward rates are calculated from the anchor date up to the pillar point. For example, consider a 6 month pillar point, two forward rates
that applies from 0 to 3 months and 3 to 6 months are calculated.
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An example of such an analysis performed on market quotes for 17 July 2014 is given in Figure 2. The four
cointegration vectors attained give OIS curves that are lower than the swap curve.
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Fig. 3. Inferred OIS curves from the two methods, using two data sets on 19 July 2013.
4. Robustness
In this section we present results from the United States market and comment on the results attained for the Europe
market. The rates data available to us in the United States market is from 1996 up to 2014. The two models given by
equation 5 and 6 were employed, and for the United States market, the models are named “LIBOR + FFER Model”
and “LIBOR Model” respectively. We also included the truncated data that runs from 2007 up to 2014 in our analysis.
In this market, analogously, we performed the relevant cointegration analysis as given in Table 2. Applying each
of the four cointegration vectors obtained from the analysis in simultaneously stripping the OIS curves and LIBOR
curves for a single date gives Figure 4. As expected, (from the R2, which is less for this method) the “LIBOR Model
- data from 2007” did not yield good results. The other methods were with 10 basis points of the actual OIS curve.
This results motivated us to run the two methods “LIBOR + FFER Model - data from 2007” and “LIBOR + FFER
Model - data from 1999” for 400 days starting from 9 October 2014 going backwards. The results that we attained
were almost bounded within 10 basis point for the 400 days and Figures 5 and 6 show the results. We noticed that
the two models were moderately predicting the long end of the OIS curve as shown by points outside 10 basis points.
On the other hand the “LIBOR Model - data from 1999”, as seen in Figure 3, predicts the long end better but tends to
moderately predict the short end. As a result of this observation we decided to have a hybrid of the ”LIBOR + FFER
Model - data from 2007” and the “LIBOR Model - data from 1999”, the models are used in the short end and long
end respectively.
The hybrid model uses the cointegration vector from ”LIBOR + FFER Model - data from 2007” in stripping
instruments that matures in 3 years and below. On the other hand, the cointegration vector from “LIBOR Model -
data from 1999” is used for instruments that matures in more than 3 years. This changes equation 7 accordingly, and
simultaneously stripping the OIS curves and LIBOR curves for 400 days gives Figure 6. The results from this hybrid
model shows that the model performs better. The Europe market also produced more or less the same results as in
Figure 4 for a single date.
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Fig. 4. The absolute differences between the inferred OIS curves and the actual OIS curve on 1 Oct 2014.
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Fig. 5. The LIBOR + FFER - data from 2007 model on 400 days worth of data
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Fig. 6. The LIBOR + FFER - data from 1999 model on 400 days worth of data
5. Conclusion
The method we propose seems to produce reasonable results in markets with very low rates like the United States
and Europe. For markets with fairly high rates, the method will produce even better results. This method can be
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